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ABSTRACT We have purified the two functionally distinct domains of gelsolin, a Ca2+-dependent actin binding protein, by
proteolytic cleavage and characterized their size and shape in solution by dynamic light scattering. In the absence of calcium
we obtained the same translational diffusion coefficient for both fragments which are of approximately equal molecular mass.
The frictional ratio fo/fexp (1.33-1.39) is similar to the value as obtained for intact gelsolin (1.37) in aqueous solution (Patkowski,
A., J. Seils, H. Hinssen, and T. Dorfmuller. 1990. Biopolymers. 30:427-435), indicating a similar molecular shape for the native
protein as well as for the two subdomains. Upon addition of Ca2+ the translational diffusion coefficient of the carboxyl-terminal
half decreased by almost 10%, while there was no change observed for the amino terminus. This result indicates that the
ligand-induced conformational change as seen for intact gelsolin is probably located on the carboxyl-terminal domain of the
protein. Since gelsolin has binding sites in both domains, and the isolated amino terminus binds and severs actin in a calcium-
independent manner, our results suggests that the structural transition in the carboxyl-terminal part of intact gelsolin also affects
the actin binding properties of the amino-terminal half.
INTRODUCTION
Gelsolin is a Ca2+-dependent actin binding protein with both
filament severing and barbed-end capping properties (1, 2).
Gelsolin binds two Ca21 with a Kd of 0.6-0.8 ,uM (3, 4). It
also binds G-actin and forms ternary complexes with two
actin molecules in the presence of Ca2+. The binding of one
of these actin molecules is EGTA-resistant, resulting in a
stable binary complex at low calcium concentrations
(<1 p,M). Probably due to the complex formation with two
actin molecules, gelsolin also promotes the nucleation of ac-
tin polymerization (5).
Spectroscopic measurements (6, 7) as well as immuno-
logical studies (8) have indicated that gelsolin undergoes
conformational changes upon binding of Ca2+. More de-
tailed results from dynamic light scattering (DLS) measure-
ments on intact gelsolin in solution have demonstrated that
the shape of the molecule changes significantly: In the pres-
ence of EGTA, gelsolin is a clearly elongated molecule. The
binding of Ca21 ions results in a decrease of the rotational
and translational diffusion coefficient, indicating a transition
into a more open or unfolded conformation of the protein (9)
which leads to a more spherical shape of the molecule.
Gelsolin as well as several related proteins like villin, frag-
min, and severin show repeats in their amino acid sequence
(10-14) suggesting that all proteins of this type have orig-
inated from a common 15-kDa ancestral precursor protein
(10). Limited proteolysis of gelsolin by chymotrypsin or
thermolysin generates two peptides with approximately
equal molecular mass (15-17), each containing three of the
repeating subdomains. Despite their related amino acid se-
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quence, the two halves of the molecule have distinctly dif-
ferent functions: while the amino-terminal fragment retains
the severing activity of the intact gelsolin but is no longer
Ca2"-sensitive, the carboxyl terminus binds actin in a Ca" -
dependent manner but does not sever actin filaments (16, 17).
A more detailed analysis of fragments generated by de-
letion mutagenesis (4, 18-20) revealed that the amino-
terminal domain contains two functional actin binding sites
which act cooperatively for filament severing. The amino
terminus can also bind Ca2' and has a cryptic Ca2+-binding
site which is nonfunctional in intact gelsolin, (4) but confers
Ca21 sensitivity to some deletion mutants of the amino ter-
minus (20). The precise location and nature of the Ca21-
binding site in the carboxyl-terminal domain of gelsolin is
still unknown. However, there is no indication for Ca2+-
binding sites of the EF-hand type.
In the present work, we have investigated the influence of
Ca2+ on the conformation of the two gelsolin subdomains.
We have purified the subdomains generated by chymotryptic
cleavage, characterized them by photon correlation spectros-
copy, and monitored their conformational changes upon ad-
dition of Ca2+.
MATERIALS AND METHODS
Gelsolin preparation
Gelsolin was prepared from the smooth muscle of pig stomach by a pro-
cedure described by Hinssen et al. (21) and Pope et al. (22).
Limited proteolytic digestion of gelsolin and
purification of fragments
Gelsolin (1 mg/ml in 5 mM Tris-HCl, pH 7.5, 1 mM MgCl2, and 0.5 mM
CaCl2) was incubated with chymotrypsin at a weight ratio of 1:200 for
approximately 60 s at 25°C. The reaction was terminated by the addition of
1 mM phenylmethylsulfonyl fluoride. (The precise time needed for optimal
cleavage was calibrated for each batch of chymotrypsin.) This resulted in
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a nearly complete cleavage of gelsolin into two peptides with an apparent
molecular mass in sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE) of 40 and 43 kDa, respectively. Only minute amounts of
peptides with lower molecular weight were generated under these condi-
tions.
For separation and purification of the fragments the solution was sub-
jected to anionic exchange chromatography on LiChrospher-TMAE
(Merck). The smaller amino-terminal fragment eluted unbound, whereas the
carboxyl terminus and uncleaved gelsolin were bound and eluted separately
by a linear gradient of 100-400mM KCI. Both fragments were concentrated
and further purified by gel chromatography on Superdex G-200 (Pharmacia,
Freiburg, Germany). To remove smaller amounts of aggregated material, the
samples were centrifuged 3 h at 100,000 g.
Functional assays for gelsolin fragments
Severing activity of the amino-terminal domain was assayed by Ostwald
viscometry as described for intact gelsolin (9). Calcium-sensitive actin bind-
ing of the carboxyl-terminal domain was verified by a sedimentation assay
using skeletal muscle actin. Mixtures of F-actin and the 43-kDa carboxyl-
terminal fragment (25:1 /im) were centrifuged for 30 min at 100,000 g in
an Airfuge (Beckman Instruments, Fullerton, CA). SDS samples revealed
increasing amounts of actin in the supematants in the presence of Ca2 .
Complex formation between the carboxyl-terminal domain and G-actin was
also revealed by high-resolution gel chromatography on Superdex 200.
perfectly represent the measured correlation function. This might occur at
low concentration of low molecular weight samples, like the protein studied
here, where the incoherent solvent scattering and infrequently appearing
stray light give a significant contribution to the total intensity of scattered
light. Furthermore, it is possible to detect small amounts of high molecular
weight impurities, e.g., aggregate structures.
The distribution of relaxation rates can be analyzed by the method of
cumulants (24) or by an inverse Laplace transformation of Eq. 3 by the
FORTRAN program CONTIN (25, 26) The weighted average diffusion
coefficient can be calculated from the first cumulant (,gL). The normalized
second cumulant ("Jp.12) is a measure for the width of distribution and
polydispersity. The second cumulant is equal to the second moment from
CONTIN. The CONTIN program is better capable to discriminate small
contributions from "dust" than the method of cumulants, because it contains
an additional linear coefficient in Eq. 3 that can account for stray light in
the correlation function.
For a dilute solution of noninteracting molecules, the self diffusion co-
efficient is related to the hydrodynamic radius by the Stokes-Einstein equa-
tion,
kT
D=
6,m,qr
where k is the Boltzmann constant, qo the solvent viscosity, and r the radius
of the spherical particle.
To a first approximation, the anisotropic shape of proteins can be mod-
eled by an biaxial ellipsoid (a, b, b), with semiaxes a and b. The translational
diffusion coefficient can be calculated by the Peffin equations (27, 28),
Dynamic light scattering measurements
The light scattering instrument used has been described in detail elsewhere
(9). The argon ion laser was operated in single-mode at A = 488 nm with
an output power of 400 mW. Correlation functions were measured with a
BI-2030 correlator from Brookhaven Instruments (Holtsville, NY) a tem-
perature of 10°C. The angular dependence of the relaxation rate was mon-
itored for scattering angles of 300 to 120°. Due to the low scattering intensity
of the samples at low concentration, we used a "dust correction procedure"
to account for the sporadically appearing high scattering intensities in the
scattering volume. Correlation functions were measured for short periods of
time and those with a difference between measured and calculated baseline
> 0.1% were rejected. Addition of single spectra was continued up to 1 X
107 counts per channel. Data accumulation was controlled by an HP 9000/
300 microcomputer.
Data analysis
In a standard photon correlation experiment one measures the intensity au-
tocorrelation function G(2)(T) of scattered light. For the "Gaussian beam"
approximation it is related to the normalized field autocorrelation function
g(l)(T) by (23),
G(2)(T) = B[1 + fI g(l)(T) 12()
where B is the baseline and f is a constant that depends on the scattering
geometry. For a monodisperse sample of small molecules, undergoing
Brownian diffusion, g(l)(T) is given by a single exponential,
gtl)(T) = exp( - Fr) (2)
with F = Dq2, the mutual diffusion coefficient, and the wave vector q =
4'7rn sin(0/2)/Ao. Here, 0 is the scattering angle, Ao the laser wavelength in
vacuo, and n the refractive index of the sample.
For a polydisperse system g(l)(T) can be represented by a weighted sum
of exponentials
00
g( = 1J G(r)exp(- Fr) dF (3)
where G(F) describes the distribution of relaxation rates. Eq. 3 is also ap-
plicable to monodisperse samples, where a single exponential fit does not
kT
D= G(p)67rrgor (5)
G(p) is a function of the axial ratio p = b/a. For an oblate ellipsoid (a < b;
p > 1) the shape factor G(p) is given by,
G(p) = (p2 _ 1)- t2arctan[(p2 _ 1)1/2]
and for a prolate ellipsoid (a > b; p < 1),
G(p) = (1 - P2) -1/21n[1 + (1 - p2)12]
(6)
(7)
To determine the semiaxes a and b, it is necessary to have information
about both transport properties, the translational, and rotational diffusion
coefficient. Nevertheless, knowledge of just the translational friction co-
efficient f = kTID provides the frictional ratio,
f r r
fo rO (3Mv/4wrNL) "3 (8)
due to the asymmetry of the molecule. fo is the frictional coefficient
of a compact sphere, where the radius is determined by the molecular
weight, M, and the specific volume, v, of the protein in solution. NL is
Avogadro' s number.
RESULTS
The described purification procedure for the gelsolin frag-
ments yielded two polypeptides with apparent molecular
masses in SDS-PAGE of 40 and 43 kDa, respectively (Fig.
1). These values are in good agreement with the actual mo-
lecular weight of 80.3 kDa for the cytoplasmic variant of
gelsolin from pig as calculated from the amino acid sequence
(10). As shown in Fig. 1, the purified peptides contained very
little contamination of smaller peptides and no intact gelso-
lin. The amino-terminal domain appeared slightly hetero-
genous on SDS-PAGE and seemed to consist of two bands
with a very small difference in apparent molecular weight
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FIGURE 1 SDS-PAGE of pig stomach gelsolin and its proteolytic frag-
ments generated by chymotrypsin. (1) Purified gelsolin; (2) gelsolin after
incubation with chymotrypsin for 60 min; (3) purified amino-terminal do-
main; (4) purified carboxyl-terminal domain. Numbers indicate the posi-
tions of molecular weight markers.
(Fig. 1, lane 3). The functional identity of the fragments was
checked by monitoring the Ca"~-independent actin filament
severing property of the amino-terminal domain and the
Ca"~-sensitive actin binding of the carboxyl terminus. Fur-
thermore, by dynamic light scattering measurements it was
verified that after gel filtration all traces of high molecular
weight material, possibly aggregates of denatured protein,
were, absent.
After characterization of the purity and biological activity,
we studied the hydrodynamic properties of both the amino-
terminal and carboxyl-terminal gelsolin domains by photon
correlation spectroscopy. For the carboxyl terminus, under
calcium free conditions (0.1 mM EGTA), Fig. 2 indicates that
up to 1 mg/ml the mutual diffusion coefficient was inde-
pendent on concentration. According to the following,
Do= D,,,,(1 + k - c) (9)
the self-diffusion coefficient Do is obtained by extrapolation
to zero concentration. For the carboxyl-terminal fragment the
intercept gave D = (7.0 ± 0.15) X 10-7 cm2/s. From the
DLS experiments on the amino-terminal subdomain we ob-
tained almost the same translational diffusion coefficient.
Fig. 2 reveals that the experimental data at various concen-
trations seemed to be always smaller than for the carboxyl
terminus, indicating a lower self diffusion coefficient of
0,8 0,9 1,0
conc [mg/ml]
FIGURE 2 Concentration dependence of the translational diff-usion co-
efficient for the two gelsolin subfragments as obtained from limited pro-
teolysis by thermolysin. (0) Amino-terminal domain, (X) carboxyl-
terminal domain; without calcium. For the carboxyl terminus the results
were obtained from two different protein preparations. (A) Carboxyl-
terminal domain with calcium. The experimental data are corrected for T=
200C.
D0= (6.8 ± 0.15) X 10-7 cm2/s. However, considering the
experimental error, the difference is not significantly large
enough for a distinctive differentiation, but it could reflect
the lower apparent. molecular weight of the amino-terminal
fragment according to SDS-PAGE (see Fig. 1).
For a given concentration, we have performed photon cor-
relation experiment at different scattering angles. According
to IF = Dq2, (see Eq. 2), the relaxation rate IF is expected to
depend on the square of the scattering angle 0. For both
proteolytic fragments, Fig. 3 shows IF as a function of q2 for
a scattering angle of 300 < 0 :5 1200. The straight lines in-
dicate that we followed the translational motion of the
frequency [Hz
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FIGURE 3 Angular dependence of the relaxation rate IF for the two sub-
domains of gelsolin. (X) Amino terminus; (0) carboxyl terminus; (A) car-
boxyl terminus with calcium.
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........Q... IY....; ..............
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polypeptides in solution and the mutual diffusion coefficient
was obtained from the slope. Again, the slope for the amino
terminus appears to be smaller than for the carboxyl termi-
nus. But considering the experimental error in the mutual
diffusion coefficients, in the following discussion, we will
assume the same value for both subdomains under calcium
free conditions.
To verify the influence of Ca2" on the diffusion coeffi-
cient, and hence on the hydrodynamic dimensions, we added
CaCl2 to a final concentration of 0.2 mM to a solution of the
amino-terminal fragment (0.38 mg/ml). By inverse Laplace
transformation we obtained a diffusion coefficient of D20 =
(6.95 ± 0.15) X 10-7 cm2/s, which is identical to the result
in EGTA solution. Therefore, we may conclude that the bind-
ing of Ca2' does not significantly change the size and shape
of the amino-terminal subdomain of gelsolin.
We have repeated the same experiments on the carboxyl
half of the protein. For these measurements we prepared an
additional sample by digestion of gelsolin with chymotrypsin
to verify the reproducibility of our hydrodynamic studies. As
Fig. 2 reveals, under calcium free conditions in the presence
ofEGTA the experimental data for two different preparations
of the carboxyl terminus are identical within experimental
error. However, upon addition of Ca21 the translational dif-
fusion coefficient changed from Di20 = (7.0 + 0.15) X 10-7
cm2/s to D20 = (6.4 + 0.15) X 10-7 cm2/s which indicates
a change in the hydrodynamic dimensions of the carboxyl-
terminal domain. Due to the small decrease of the diffusion
coefficient, we carefully checked the reproducibility of our
results on the same sample at different scattering angles (see
Fig. 3). Additional measurements on a different preparation
of the carboxyl terminus confirmed the change in the dif-
fusion coefficient.
Fig. 4 shows a typical distribution of diffusion coefficients
as obtained from the intensity autocorrelation function by
CONTIN analysis. The line width is a measure for a possible
heterogeneity of the sample, due to isoforms of the protein,
aggregate formation, or denaturation. The normalized vari-
ance for the carboxyl-terminal domain was calculated to
"gul2 = 0.07, where pt = r = G(F) r dr and ,u2 = G(F)
(rF - )2 dF. Considering the rather low intensity of scattered
light, due to the relatively low molecular weight of the
molecules, this indicates a monodisperse sample, and we can
neglect the presence of different conformational or aggregate
structures. Addition of 0.2 mM Ca21 to the fragment in so-
lution did not result in a significant broadening of the dis-
tribution function and hence, we can conclude that the bind-
ing of calcium does not increase the heterogeneity of the
sample. A comparison of Fig. 4, a and b, reveals an increase
in the normalized variance to about g2/g, 2 = 0.11 for the
amino-terminal fragment. The slightly broader distribution
of diffusion coefficients is probably related to the small het-
erogeneity in the molecular weight of the amino terminus.
As seen in Fig. 4, the inverse Laplace transformation of the
DLS spectra for the carboxyl-terminal subdomain with added
Ca2" gave a second relaxation mode with a much slower
relaxation rate and a small amplitude (less than 2%). This
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FIGURE 4 Distribution of translational diffusion coefficients from the
intensity autocorrelation function as obtained from CONTIN analysis. (a)
Amino-terminal subdomain of gelsolin; (---) with and (-) without cal-
cium. (b) Carboxyl-terminal subdomain of gelsolin; (---) with and (-)
without calcium.
probably indicates some aggregate formation on addition of
CaCl2, but does not interfere with the interpretation of the
dynamics of the carboxyl-terminal subdomain in respect to
a conformational transition. The small peak at the high end
of the distribution functions for all fragments is a numerical
artefact, often observed in the CONTIN analysis.
DISCUSSION
Dynamic light scattering studies on gelsolin (9) have shown
that calcium binding results in a large conformational tran-
sition of the molecule to a more spherical but also more
extended shape in solution. The axial ratio of the hydrody-
namically equivalent ellipsoid of revolution changes from p
= 0.25 to p = 0.40, whereas the apparent volume increases
from 153 to 314 A3. This massive conformational change can
be interpreted as a partial rearrangement in the polypeptide
chain, leading to a more unfolded tertiary structure of the
intact gelsolin molecule. Due to this rearrangement, the actin
binding sites on the amino terminus could be exposed which
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were masked in the absence of Ca2+. By limited proteolysis
of gelsolin we separated the two halves of the protein. Using
dynamic light scattering on these fragments we wanted to test
whether the calcium-induced conformational change is re-
stricted to one of the subdomains or if both parts of the mole-
cule are involved in a cooperative manner.
A comparison of the DLS results for intact gelsolin (9) and
its subdomains is given in Table 1. As expected, the trans-
lational diffusion coefficient for gelsolin is significantly
smaller than for the two fragments, illustrating the difference
in molecular weight. For the amino terminus we did not ob-
serve any change in the translational diffusion coefficient
upon addition of calcium. This result indicates that the mo-
lecular dimensions of the structural subdomain do not change
significantly. For the carboxyl terminus, however, the pres-
ence of Ca21 ions resulted in a decrease of the translational
diffusion coefficient by about 10% which is similar to the
effect observed for intact gelsolin.
To characterize the structural change induced by binding
of the divalent cation, we will compare the experimental data
with theoretical calculations on spherical models of the same
molecular weight as gelsolin and its subdomains. According
to the following,
1 (6Mv 1/3
rsPh 2 TNA (10)
we have calculated the hydrodynamic radii for compact
spheres, where M is the molecular weight and NL the
Avogadro number. For the partial specific volume of the pro-
tein we used v = 0.73 ml/g. From rsph we can determine the
theoretical diffusion coefficient, D20, as expected for a spher-
ical molecule, according to the Stokes-Einstein relation
(Eq. 4), for all species studied. In Table 1 we have also in-
cluded the theoretical translational diffusion coefficients for
the hydrated protein molecules. The thickness of the hydra-
tion layer was assumed to 0.3 nm as found in most hydro-
dynamic studies (29, 30).
A comparison of the theoretical values with experimental
data gives a clue to the anisotropic structure of the molecules.
When the calcium level is below 10-6 mol/liter, the molec-
ular dimensions of hydrated gelsolin were determined to a =
(8.3 ± 0.4) nm and b = (2.1 + 0.2) nm, assuming an el-
lipsoidal shape for the molecule. Addition of Ca2+ results in
a conformational transition to a more spherical structure with
a = (7.8 ± 0.5) nm and b = (3.1 ± 0.3) nm. The transition
is cooperative (Hellweg, Hinssen, and Eimer, unpublished
data) and is accompanied by a significant increase in the
hydrodynamic volume from 153 to 314 AP. Usually, a de-
crease in the form anisotropy of a molecule gives a smaller
shape factor in the Perrin equations, and therefore results in
a larger diffusion coefficient. In our case, upon addition of
calcium ions gelsolin adopts a more spherical shape but the
increase in the hydrodynamic volume leads to a decrease in
the translational diffusion coefficient. Therefore, the larger
ratio of the frictional coefficients fo/fexp (see Table 1) for
gelsolin in the presents of Ca2' does not indicate a more
anisotropic structure of the molecule in solution. It is simply
a measure of structural change of the protein induced by
ligand binding. If we compare the ratio of the frictional co-
efficients for gelsolin and both subdomains without calcium
they are very similar. Assuming that the specific volume for
all three species does not vary significantly, we can conclude
that the axial ratios of both the carboxyl and the amino ter-
minus are similar to that of intact gelsolin, indicating an
elongated shape for all three molecules.
While calcium has no detectable effect on the amino-
terminal subdomain, the translational diffusion coefficient of
the carboxyl terminus decreases upon addition of Ca2+. That
means, the conformational change of intact gelsolin on
ligand binding is located mainly on the carboxyl terminus.
The increase info/fexp from 1.33 to 1.46 is similar to the effect
observed for intact gelsolin (for comparison see Table 1). As
already discussed for gelsolin, an increase in the ratio of the
frictional coefficients does not necessarily indicate a change
to a more anisotropic structure of the molecule. However, it
may be inferred from our results with intact gelsolin that also
the carboxyl terminus undergoes a rearrangement in the fold-
ing of the polypeptide chain leading to a more extended struc-
ture which finally results in a more spherical shape of this
fragment. Because of the low scattering intensity of the pro-
teolytic fragments, we were not able to do depolarized dy-
namic light scattering experiments as for intact gelsolin. With
TABLE 1 Comparison of hydrodynamic properties for gelsolin and its carboxyl-terminal and amino-terminal subdomains
Gelsolina Amino terminus Carboxyl terminus
+Ca2+ -Ca2+ +Ca2+ -Ca2+ +Ca2+ -Ca2+ Units
Mrb 84,000 40,000 43,000 Da
r,c 2.90 2.22 2.30 nm
D,1\theor)d 7.40 (6.71) 9.50 (8.39) 9.34 (8.26) x 10 7 cm2/s
D2 (exp) 4.70 5.50 6.95 6.80 6.40 7.00 X 10-7 cm2/s
r(exp) 4.55 3.90 3.15 3.1 3.4 3.1 nm
fo/fexp 1.57 1.37 1.38 1.46 1.33
a From Patkowski et al., 1990.
b Apparent molecular weight in SDS-gel electrophoresis.
c Calculated according to Eq. 10.
d Calculated according to Eq. 4; values in parentheses correspond to the hydrated structures, the thickness of the hydration layer was assumed to 0.3 nm.
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the information on the rotational diffusion coefficients we
could have calculated the axial ratio for the amino-terminal
and carboxyl-terminal domains, and hence characterized the
potential change in shape of the domains under the influence
of calcium.
The binding of calcium to gelsolin or the carboxyl-
terminal fragment is probably also related to a rearrangement
of the solvent structure in the immediate vicinity of the pro-
tein molecule. This effect could partly account for the in-
crease of the hydrodynamic volume as observed for intact
gelsolin. However, we do not observe a comparable increase
in the hydrodynamic volume for the amino terminus. There-
fore, we conclude that the major part of the conformational
transition is related to a change in the tertiary structure of the
protein itself.
A significant conformational change upon binding of Ca2"
has been reported for villin (31). It has been shown that this
change resides in the 8-kDa villin-specific carboxyl-terminal
"headpiece" region which has an additional actin binding site
responsible for the actin filament bundling property of villin
(32). However, in contrast to our findings for gelsolin, Ca2+
binding lead to a considerable increase in asymmetry of the
villin molecule with the apparent length increasing from 8.9
to 12.3 nm. Therefore, it is not clear whether the changes
observed for gelsolin and villin are related processes.
It is evident from previous biochemical experiments
(15-17) that the carboxyl-terminal half of gelsolin confers
Ca2+ sensitivity of actin binding to the whole molecule.
From our data it can be concluded that it is the observed
conformational transition upon binding of Ca2+ that prevents
the binding of actin to all three operative binding sites of
gelsolin. Two of these actin binding sites are located in the
amino-terminal half (10, 15, 33), one within the first 150
amino acid residues (18, 19). A possible explanation for this
phenomenon is that the binding sites in the amino-terminal
half of gelsolin are masked by parts of the carboxyl-terminal
polypeptide chain in the absence of Ca2' and that binding of
Ca21 induces a rearrangement in the conformation of the
whole molecule that unmasks the binding sites for actin. The
fact that only the carboxyl-terminal domain of gelsolin un-
dergoes a Ca2+-induced conformational change excludes
possible models which assume that, due to a flexible hinge
region in the molecule, the two conformationally invariant
domains change their relative position, and thereby induce
the massive conformational transition in the protein (4, 34).
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